In the development of solid dosage forms, the phase transition of the active ingredient from the metastable form to the stable form can be a problem. When solid preparations are administered orally, the phase transition may influence the release or dissolution of the active agents from the solid dosage forms. For this reason it is important to measure the transition rate of anhydrate to hydrate in water. The phase transition of drug in the solid state can be determined by many methods, 2,3,4a) however, measurement of the transition kinetics in water is none, because it is difficult to determine the rate under such conditions. Although the transition behavior in water has already been investigated by measuring the dissolution profile, 2) is the transition of drug inside solid dosage forms can't be determined by this method. Hence, it is desirable to develop a method for investigating the phase transition rates inside solid dosage forms in water.
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In the present study, sulfaguanidine (SGN) was selected as a model compound for the measurement of the hydration kinetics in water because SGN is very slightly soluble in water and capable of existing as the anhydrate and monohydrate forms in the solid state. The hydration rates in water for solid dosage forms, i.e., tablets and granules, were determined continuously by the calorimetric method. 4a) Using this method, it is possible to investigate the phase transition kinetics and the transition mechanism of solid dosage forms in liquids.
Experimental
Materials SGN monohydrate was recrystallized from distilled water and then allowed to dry on filter paper at room temperature. The material was then ground gently in an agate mortar. The fraction passed through a 100 mesh sieve was used. This fraction was heated at 90°C for 3 h under vacuum with P 2 O 5 and then stored in a desiccator containing P 2 O 5 . This material was used as the test sample.
Preparations of Tablets and Granules The compression equip and tablet preparation were as described in the previous paper. 4b) Sample powder, 250 mg, was compressed under a pressure of 5000 kg/cm 2 with flat-faced punches in a die of 7.0 mm internal diameter at a speed of 50 mm/min. The tablets were used in this form or the side was coated with paraffin. The tablets were crushed in the agate mortar and the 12-22 mesh fraction was used as granules. The sample weight was 250 mg.
Calorimetry A twin-type heat conduction microcalorimeter CM-204D1 (Electronic Laboratory, Ltd.) was used throughout the studies. The procedure for the calorimetric measurements was as described in the previous paper.
4a) All measurements were carried out at 25°C.
Determination of Hydration Rate by Microcalorimetry
The hydration rates of SGN were determined as follows. Fifty milliliters of saturated SGN aqueous solution with its fine crystals was transferred to the reaction vessel and the thermogram measured without stirring. The hydration rate (dw/dt), i.e., dQ/dt, was analyzed by the deconvolution method described in the previous paper.
4) To obtain the thermogram of the heat generated instantaneously in the reaction vessel, i.e., the weight function in the deconvolution equation, a Nichrome wire was used. The Nichrome wire was immersed in the solvent in the reaction vessel on the sample side. The heat were generated by passing an electric current for 0.1 s through the Nichrome wire, change transforming the voltage from 130 to 80 V.
Measurement of Moisture Content
The moisture content of SGN monohydrate and anhydrate was determined by the Karl Fisher method as described in the previous paper.
4c) This showed that SGN monohydrate and anhydrate contained 1 and 0 mol moisture, respectively. X-Ray Diffraction Powder X-ray diffractometry was performed as described in the previous paper. 
Results and Discussion
Confirmation of Change from SGN Anhydrate to Monohydrate in Water Figure 1 shows the powder X-ray diffraction patterns of SGN anhydrate before and after immersion in water.
From the X-ray powder diffraction profiles, it was found that SGN anhydrate was completely transformed into monohydrate in water. 
Analysis of Hydration Rates by the Deconvolution Method
The thermograms obtained by passing different amounts of electric current through the Nichrome wire placed in SGN saturated solution are shown in Fig. 2 . From  Fig. 2 , the heat conduction behavior was considered to behave as a linear system. In addition, it was confirmed that the relationship between the heat of hydration and weight of SGN anhydrate was also linear. The relationship between the weight and heat of hydration of SGN anhydrate is shown in Fig. 3 . A linear relationship was observed over the region from 0 to 0.5 g sample weight. This result indicates that the weight of SGN anhydrate is directly proportional to the heat of hydration for the transformation in water from SGN anhydrate to monohydrate. Furthermore, the weight of SGN anhydrate is directly proportional to the weight of transformed SGN monohydrate. Consequently, the heat evolved at time t (dQ/dt) and the hydration rate (dw/dt) can be expressed by the following formula:
Where k (g/J) is a constant with a value of 0.020. Therefore, the thermograms obtained upon passing an electric current through the Nichrome wire correspond to an input function and the thermograms for the hydration of SGN tablets and granules can be considered as a response to an arbitrary input. From these thermograms, the hydration rates of SGN anhydrate in water could be obtained by the deconvolution method. This method makes it possible to measure the transition in water of a drug inside solid dosage forms, something that was so far been considered difficult to do.
Measurements of Hydration Rate of Tablets
The hydration rate (dw/dt) of SGN tablets in water determined by the deconvolution method is shown in Fig. 4 . When a tablet was immersed in water, dw/dt increased rapidly after a ca. 30 s time-lag and the maximum dw/dt was attained about 10 min after immersion. Furthermore, if the SGN tablet was placed in a flask filled with water, lamination of the side of tablet occurred rapidly. This result suggested that, as the water penetrated into the tablet, hydration took place readily and then lamination the side of tablet occurred. After about 40 min, the hydration rate decreased gradually. This result indicated that hydration of the mass of disintegrated tablet was a slow process.
Measurement of Hydration Rate for Tablets with Controlled Surface Areas by Coating the Side with Paraffin
The hydration kinetics of SGN anhydrate tablets with controlled surface areas, obtained by coating the side with paraffin, in water was determined. The thermogram is shown in Fig. 5 . Following a ca. 75 s time-lag, the heat curve rose linearly for about 30 min, increased for up to about 60 min, and then remained approximately constant for a period of about 60 min before decreasing rapidly. This result suggested that nucleation and nuclear growth occurred during the time-lag and heat was generated during the period of hydration and then the heat curve decreased rapidly in the neighborhood of the end-point of hydration. Using the data in Figs. 2 and 5 , the isothermal transition curve was determined by the deconvolution method. The result is shown in Fig. 6 . As shown in Fig. 6 , the hydration rate can be expressed by apparent zero- order kinetics for the time-lag. From these results, it was considered that the area of the hydrating interface was constant.
Measurement of Hydration Rate of Granules
The hydration profile of SGN granules in water is shown in Fig. 7 . The hydration of granules was achieved almost instantly with a ca. 5 s time-lag. The hydration behavior was determined from a theoretical equation for solid-state decomposition. 6) Assuming the granules are spherical and the hydration rate can be expressed by an apparent zero-order mechanism, the hydration rate of granules can be represented by the following equation:
where a is the fractional hydration at time t and k is a constant. A range of 0.1-0.8 for the fractional hydration was used in the analysis of the hydration mechanism. Figure 8 shows a plot of 1Ϫ (1Ϫa) 1/3 versus t for the isothermal transition of anhydrate to monohydrate in water at 25°C. A linear relationship between 1Ϫ(1Ϫa) 1/3 and time was observed. However, the straight line did not pass through the origin. This can be explained by the time-lag. As a ca. 5 s time-lag was present, the origin was shifted by about 5 s and the straight line crossed the time axis at about 5 s. This result suggested that the hydration reaction is a phase boundarycontrolled contracting interface reaction.
Conclusion
The hydration kinetics of solid dosage forms in water was determined by a calorimetric method. The hydration reaction was analyzed by a theoretical equation for solid-state decomposition. The kinetics of hydration in water for tablets with controlled surface areas, obtained by coating the side with paraffin, was found to be the apparent zero-order. The hydration reaction of the granules was a phase boundary-controlled contracting interface reaction. This method may be useful for the measurement of phase transition behavior within solid dosage forms in liquids. Vol. 48, No. 2 
